Abstract
Standardization of European eel (Anguilla anguilla
)
Introduction

54
The economic importance and high commercial demand of the European eel, Anguilla 55 anguilla, primarily from European and Japanese markets, is well known [1] [2] [3] . 56
However, the population of the European eel has declined to such a degree that major 57 concerns have been raised for its long-term survival [4, 5] . Efforts have been made to 58 understand the life cycle and reproductive biology of this species [6, 7] and we already 59 know that in order to overcome the lack of normal spawning stimuli in captivity, it is 60 necessary to use hormones to induce both ovulation and spermiation the use of 61 hormones to induce both ovulation and spermiation is necessary [8, 9] . It is particularly 62 advantageous to stimulate the spermiation of male eels so that sperm is available both in 63 a short time and in high volume [10] . In this respect, knowledge of how to manipulate 64 and preserve eel sperm is essential [11] [12] [13] [14] and a reliable and standardized methodology 65
to analyze its quality is needed. 66
The evaluation of sperm motility and other kinetic parameters like curvilinear, straight 67 line and average path velocities, as well as morphology, is an essential tool in the 68 examination of sperm quality in many fish species [15] [16] [17] [18] [19] [20] [21] , including the European eel 69 [10, [22] [23] . Despite the fact that for many years optic microscopes have conventionally 70 been used to carry out analysis/evaluations, it is considered a subjective method and 71 great variations have been reported [24] . According to Verstegen et al. [25] , when 72 subjective optical microscopic evaluation is used in humans and animals, variations of 73 30 to 60% have been reported in the estimation of the motility parameters of the same 74 ejaculates. The computer assisted sperm analysis, or CASA, has been used by an 75 increasing number of researchers worldwide and provides an objective, rapid and 76 multiple-parameter assessment of sperm quality. 77
As CASA are not ready-to-use devices, they depend largely on the technical settings 87 and standardizing procedures. Thus, the aim of this study was to evaluate different 88 procedural and biological settings such as chamber models, lens magnification, frame 89 rate acquisition, ejaculate portion and post activation times in order to define a standard 90 method to assess the quality of the European eel semen using a CASA system (ISAS® 91 v1 The eels were gradually acclimatized to sea water (salinity 37 ± 0.3 g/l) and once a 101 week they were anaesthetized with benzocaine (60 ppm) and weighed before receiving 102 the administration of hormones (hCG; 1.5 IU g 
Sperm collection and sampling 108
Sperm samples were collected 24 h after the administration of the hormone because 109 previous studies [31] have demonstrated that this is moment when the highest sperm 110 quality is found. In preparation for sperm collection the fish were anesthetized, and after 111 cleaning the genital area with fresh water to avoid the contamination of the samples 112 with faeces, urine and sea water, and thoroughly drying the fish, the sperm were 113 collected by abdominal pressure. A small aquarium air pump was modified to obtain a 114 vacuum breathing force and the sperm was collected in a tube. A new tube was used for 115 every male and distilled water was used to clean the collecting pipette between each 116 male. 117 Sperm samples were collected between the 6 th and the 13 th week and kept in plastic 118 tubes under refrigeration (4 o C) during 1-2 hours prior to the analyses. 
Results
all spermatozoa observable in the field were detected and recorded. 187 188
Effect of chambers and magnification lens. 189
The different chambers used in this trial did not significantly affect the sperm quality 190 parameters in any motility class (Table 1) On the contrary, the different magnification lenses used in this study significantly 197 affected some of the sperm quality parameters in the different sperm classes (Table 2) . 198
Samples analyzed using the 20x lens showed lower values than those analyzed using the 199 10x lens, with more significant differences in C-II and C-III. In addition, the 200 coefficients of variation within the same motility class (Figure 1 ) with the 20x lens were 201 much higher than with the 10x lens, with much higher CV's in C-I than in C-II and C-202
III. 203 204
Effect of frame rate setting 205
The frame rate setting (FR) had no effect neither on the total and progressive motile 206 cells nor on the proportion of fast, medium and slow spermatozoa (data not shown). 207
However, other kinetic values were deeply affected by FR (Figure 2 ). VCL and BFC 208 showed a progressive increase with significant differences as the FR increased while 209 STR showed a reverse trend, decreasing as the FR increased. VSL did not show 210 significant differences in any motility class whereas VAP only showed statistical 211 differences in C-II motility class. 212 Sperm quality parameters obtained by the first collectable millilitre (1 st mL) and the rest 215 of the sperm (Rest) were similar and no significant differences were evident (Table 3) . 216
Regarding changes in sperm parameters after sperm activation, significant differences 217 were found on MOT, FA, and SL ( On the other hand, the different magnification lenses used in this study significantly 248 affected many of the sperm quality parameters. In this case, the result could be related 249 to the sample size, which can affect the results of sperm analysis. If an insufficient 250 number of spermatozoa are analyzed during the video capture a non-accurate 251 measurement of sperm parameters will be obtained due to a higher datamagnification lens was much less than those assessed with the 10x lens, therefore the 254 coefficients of variation obtained by the 20x lens were much higher than those obtained 255 with the 10x lens within the same motility class. Thus, the results obtained by the 10x 256 lens should be a priori more accurate and precise than the results obtained by the 20 x 257 lens. 258
The number of frames acquired per second (fps) can influence the quality of the 259 acquisition and the sperm quality parameters [26] . It has been demonstrated in literature 260 that low frame rates can underestimate the real value of kinetic traits [28, 29] . The higher 261 the quantity of track information available during the sperm capture (increasing fps), the 262 more accurate the reconstruction of the sperm trajectories obtained, more closely 263 resembling the real trajectory. Thus, the reduction in the fps could generate significant 264 variations in several kinetic parameters. In our trial, the frame rate setting had no effect, 265 neither on total motility nor on progressive motility. However, other sperm quality 266 parameters like VCL, STR or BFC were deeply affected by frame rate. Our results 267 corroborate previous studies [26, 29] , in which it has been suggested that increases in 268 frame rate drastically increase the measured VCL without substantial impact on VAP, 269 resulting in a decrease in STR. In this respect, it seems reasonable to think that the 270 higher number of fps we use will generate the more "real" the spermatozoa trajectory. Table 2 . Mean ± SE of sperm quality parameters for different microscopy 487 magnifications on different sperm classes (C-I, C-II and C-III) at 30 s post-activation 488 time. Asterisks indicate significant differences between microscopy magnifications. 489 Table 3 . Mean ± SE of sperm quality parameters in the first collectable millilitre (1 
